T he major effects of coronary artery disease (CAD) on health outcomes and health care costs in the United States are well known.' Less well known, and certainly less well understood, are the effects of CAD on employment, disability, and retirement. According to recent figures, there are some 2.6 million disabled workers and 1.3 million dependents on the Social Security disability rolls, at an annual cost of $16 billion; one quarter to one third of this is a result of cardiovascular disease.' Millions of others have left the labor force prematurely by way of retirement or other disability programs, both private and federal. These "indirect" costs relating to lost productivity far exceed the "direct" costs for medical care of patients with CAD.2 Surprisingly little is known about why some patients with CAD are able to continue working but others leave the labor force.
Effects of work disability on quality of life are equally striking. 34 Many individuals secure their sense of selfworth to a large extent from their job,5 and societal values tend to reinforce this perspective.67 A number of studies have used employment status and return-towork rates as a component of quality of life, reflecting the importance of work as a key social role function. Premature exit from the work force has been associated with diminished health perceptions, with psychological dysfunction, and even with sudden cardiac death. 5, 8, 9 Previous studies have examined the determinants of continued employment in various CAD populations, especially those undergoing coronary artery bypass graft surgery (CABG) and those with a recent myocardial infarction (MI). [10] [11] [12] [13] [14] [15] [16] Although the general consensus among these studies has been that various nonmedical factors are as important as or more important than medical measures of disease severity,10 no previous study has developed a clinically useful risk algorithm or model for predicting premature departure from the work force and validated that model in an independent population. '7 This study had three goals. The first was to develop a predictive model of follow-up employment status from a detailed battery of variables collected prospectively in a large cohort with documented CAD. The second goal was to validate this model prospectively in an independent cohort of patients with CAD. The final goal was to examine whether modern revascularization strategies with percutaneous transluminal coronary angioplasty (PTCA) and CABG augment return-to-work rates.
Methods

Patient Population
During the period from March 1986 through June 1990, we prospectively enrolled into this study patients with suspected CAD who were referred for diagnostic cardiac catheterization. Patients were eligible for this study if they were less than age 65, were referred for evaluation of chest pain or equivalent ischemic symptoms, did not require intensive cardiac care at the time of catheterization, and had no prior PTCA or CABG. Patients meeting these initial criteria but found at angiography to have normal coronary arteries or insignificant CAD (i.e., c50% stenosis) were excluded. Only 1% of patients approached about the study refused to participate. We collected a baseline battery of qualityof-life and employment-related data on 2,298 patients meeting the above criteria. Of these, 1,405 were employed at the time of cardiac catheterization. Twentyseven (2%) died before the 1-year follow-up contact, 28 (2%) were lost to follow-up, and 98 (7%) did not provide information about 1-year work status at the time of their follow-up contact. The remaining 1,252 patients formed the study population.
Treatment groups were defined according to the first revascularization procedure the patient received within 60 days of catheterization. By these criteria, 312 patients were treated with PTCA, 449 had CABG, and the remaining 491 had no revascularization during the first 60 days after catheterization and constitute the medical Data Collection and Information System Detailed demographic and clinical data were collected on standardized forms by senior cardiology fellows, as previously described.'8 The baseline clinical data as well as the angiographic results were reviewed by the faculty angiographer before incorporation into study analysis files. Clinical and angiographic data were collected by the Duke Cardiovascular Disease Databank information system, as previously described. 19 Quality-of-life and job-related data were collected by self-administered questionnaire, usually on the day before catheterization or, less frequently, after the catheterization but before referral for revascularization. Functional status was assessed with the Duke Activity Status Index (DASI), a 12-item scale that assesses whether patients can perform a spectrum of activities without difficulty.20 This index (see "Appendix") consists of questions on the patient's abilities to engage in self-care activities (one item), ambulation (four items), household work (three items), yard work (one item), sexual relations (one item), and recreational activities (two items).
General health perceptions were assessed by a fourlevel question that asked about the effect of the patient's health on function and in the latter portion of the study with a five-level ranking of the patient's health (excellent to poor). Psychological status was assessed with four visual analog scales taken from the General Well-Being Schedule, covering the areas of health concerns, anxiety, depression, and energy. 21 Socioeconomic 
Predictors of 1-Year Work Status
After 1 year of follow-up, 179 of the 872 training sample patients (21%) were no longer employed. The majority of these (71%) reported that their cardiac disease was the primary reason they did not return to work, whereas 5% cited another primary medical problem as the reason. Most of the remainder reported that they had decided to "retire," but not because of bad health.
Patients not working at 1 year differed from patients who continued to work in several baseline demographic and medical factors ( Table 1 ). The patients not working were older (median age 58 versus 54 years for the patients still employed at 1 year), more often female (21% versus 13%), and more often black (17% versus 5%). Among the standard cardiovascular risk factors, both diabetes and hypertension were more prevalent among the patients not working at 1 year (Table 1) . Baseline anginal characteristics (course, frequency) were similar in the two groups, although patients not working at 1 year had more severe functional impairment from angina at baseline. The prevalence of a recent MI or any previous MI was the same in the two groups. In contrast, a history of heart failure symptoms at baseline was substantially more common in patients not working at 1 year, and evidence of cerebrovascular or peripheral vascular disease was also more common in these patients. Among the catheterization variables, patients not working at 1 year had more severe CAD (especially more multivessel disease) and lower ejection fractions.
Stepwise logistic regression analysis of the variables in Table 1 showed that four were independent predictors of 1-year work status: age, race (black/not black), congestive heart failure (present/absent), and extracardiac vascular disease (present/absent). After inclusion of these variables in the model, neither number of diseased vessels nor ejection fraction added additional predictive information.
Patients not working at 1 year had poorer functional status at baseline. The main measure of functional status (Table 2) , the DASI, was substantially higher at baseline among those who remained employed (median of six activities done without difficulty versus four activities for the patients not working at 1 year). Similar trends were seen in a four-level ordinal measure describing the effect of the patients' health on routine functioning: 57% of the patients not working at 1 year rated themselves as moderately or severely impaired at baseline compared with 33% of the patients still working at 1 year. In stepwise logistic regression, the latter measure added no independent information for predicting work status once the DASI was known.
Patients not working at 1 year had substantially fewer socioeconomic resources at baseline ( Table 2 ). The median of years of education was 11 in these patients, compared with 12 in the patients still working, and the prevalence of college graduates in these two groups was 9% versus 21%, respectively. Similarly, only 29% of the not working group had annual incomes .$30,000 at baseline, compared with 55% of the working group. Of these two measures, education was the stronger predictor of follow-up work status; once it was taken into Table 2 added independent information to education.
All four scales measuring aspects of psychological well-being were individually predictive of l-year work status (Table 2 ). Patients not working at 1 year had more concern about their health, were more anxious and more depressed, and had lower energy levels at baseline. A summary psychological well-being scale, empirically formed by summing the four individual scales (with lower scores indicating more favorable psychological status), was a stronger predictor of l-year work status than any of the individual scales.
Among the many job-related variables assessed at baseline, the patient's job class, aggregated into a four-level ordinal scale (managerial/professional, technical/sales, farming/fishing/precision, service/laborer), was the strongest predictor of l-year work status (p<O.OOOl) ( Table 3) . Heavy job physical demands were more common in the patients who were no longer working at 1 year (p<0.0001 for overall difference between groups). However, job psychological demands and self-rated job stress were not predictive (even univariately) of l-year work status. Other univariate predictors of follow-up work status, out of the 18 items used to characterize relevant aspects of the job, were more job security, more job responsibility, and higher decision latitude (from Karasek's job strain construct, reflecting higher levels of skill and creativity required on the job and more freedom on the job). Of all the univariately significant job variables, only the patient's job class was independently predictive of 1-year work status.
Overall, 84% of the 183 patients receiving PTCA as their initial revascularization therapy within 60 days of diagnostic catheterization were still working at 1 year. This was significantly higher than the 76% 1-year work- 18 14 Mildly impaired 49 29 Moderately impaired 29 43 Severely impaired Figure 2 . The model was used to estimate the probability that each patient in the test sample would still be working at 1 year. Patients were then sorted by model predictions in ascending order and divided into six equal-sized groups. In each group, the average model prediction for that group was compared with the proportion of patients who were still working at 1 year. As can be seen, observed return-to-work rates agreed well with model predictions.
Discrimination, or the ability of the model to make higher predictions for the patients still working at 1 year and lower predictions for those who were not, was assessed by use of the area under an ROC curve. In the training sample, the ROC area was 0.80, in the test sample it was 0.74, indicating that the model's predictive abilities were well preserved when it was tested prospectively in a new population. In the test sample, the (Table 4 ). The only independent clinical predictors of employment status were the presence of congestive heart failure and evidence of extracardiac vascular disease (Table 4) .
Both CABG and PTCA correct the fundamental physiological fault in ischemic heart disease by restoring blood flow to cardiac muscle and have been demonstrated in randomized trials to relieve angina and to improve exercise tolerance32-34 relative to medical therapy. However, because medical indicators of severity of CAD are not independently predictive of follow-up employment status, it is perhaps not surprising that we found that coronary revascularization with either CABG or PTCA did not ultimately improve return-towork rates over medical therapy. Our results are consistent with randomized trials and other studies that show that coronary revascularization does not improve return-to-work rates in comparison with medical therapy.32-37 The present study extends these observations by directly comparing all three treatment strategies in a large prospective cohort of CAD patients. Although PTCA patients who return to work do so significantly earlier than either CABG or medical patients,38 our data show that a treatment strategy starting with PTCA is no more effective in the long term in preserving employment than a treatment strategy starting with CABG or with medical therapy. The factors that affect employment can be divided into several broad domains: demographic, medical, functional, socioeconomic, psychological, job-related, and therapeutic. Each of these domains provides information about job outcomes in patients with CAD. The most powerful predictors of loss of employment in patients with CAD in this study were demographic and socioeconomic: age, race, and education. These factors alone were responsible for almost half (45%) of the predictive information available from our final model. physical and emotional functioning, accounting for 29% of the information available from the model. Medical factors were relatively less important in predicting 1-year work status, representing only 20% of the predictive information from the model. Job-related characteristics were least important. Surprisingly, many of the job variables measured in this study were not independently predictive (e.g., job strain, job physical demands), and the one variable selected for our final model, job class, was strongly correlated with other socioeconomic measures, especially education.
In the present study, functional status as measured by the DASI was the single most important predictor of 1-year employment status (Table 4 ). This relation was independent of traditional medical measures of disease severity. The DASI has previously been shown to correlate well with maximal oxygen uptake during exercise testing and thus reflects, at least partially, physical capacity.20 However, we have also found modest correlations between DASI, psychological well-being measures, and coping strategies (D. Mark, unpublished observations). Thus, patients who rate their functional capacity as high may have more self-confidence as well as physical capability.
Socioeconomic factors may be particularly important in determining whether patients with medical impairments continue to work. Older patients are more likely to leave the workforce, even in the absence of serious medical problems, and our findings confirm the importance of age in decisions about continuation of work. It is less well known that level of education has been consistently related to work disability in both population surveys and clinical series.36"10"7 In our previous cross-sectional analysis of work disability, education was the strongest predictor in multivariable analysis.3 During the design phase of this study, we postulated that the association of lower education with work disability was mediated through its correlation with more menial and physically demanding jobs.'4 Therefore, it is interesting that education was a significantly better predictor of 1-year work outcomes than any descriptor of the work .~~~~0. .~~~1 ---.>--White --Black environment, including job class, job stress, and physical demands of the job. Higher levels of education may be associated with other unmeasured factors of relevance to the decision to continue working. One such factor is job satisfaction,6 but in a subset of patients enrolled in this study, job satisfaction was not correlated at all with education level. Another factor may be the association of higher levels of education with a patient's willingness to invest in themselves, i.e., incur current costs to reap future rewards. In this context, patients may be willing to continue working to provide a better level of income during later retirement.39
The specific characteristics of the patient's job provided surprisingly little independent information about the likelihood of continued employment. This investigation confirms previous studies showing that white collar workers are more likely to continue working than blue collar workers.6 '" Contrary to our initial hypothesis, however, the physical demands of the job were not a stronger, more direct predictor of continued employment in this group of patients with CAD. This may be a result of the relatively low prevalence of jobs requiring heavy physical labor in current society, particularly among the older workers likely to have symptomatic CAD. Job classification correlated with a number of job characteristics, including the physical demands of the job, the degree of job stress experienced, and the prestige attached to certain levels of work. It is therefore possible that job classification incorporates information about a spectrum of job characteristics, making it a more powerful predictor than any of these individual variables.
We had initially hypothesized that patients who perceive their work conditions as stressful would be particularly likely to cease working. Karasek and coworkers25 have proposed that the combination of high job psychological demands and low decision latitude create high "job strain." They have found that job strain is correlated with CAD outcomes in large population studies24 and with hypertension and left ventricular hypertrophy among working men. 40 In the present study, however, the construct of job strain was not predictive of 1-year work status. Thus, although the type of work the patient does provides some information about the likelihood of continued employment, more specific or detailed job measures do not seem necessary to identify patients at risk of stopping work.
We feel that the strength of race as an independent predictor in our analysis particularly reflects the importance of socioeconomic status, even beyond the traditional socioeconomic measures such as income and education level.41 It is notable that younger black patients had a much higher risk for not returning to work than younger white patients ( Figure 1A) , as reflected by the age-race interaction term in our model (Table 4) . Only among the oldest patients included in our study did the 1-year employment rates of the two groups converge.
Although many of the factors in our final multivariable model (Table 4) are either unmodifiable (e.g., age) or are unlikely to be modified by physicians (e.g., socioeconomic status), we do not feel that our results should be interpreted as indicating that physicians and other health care workers can have no significant impact on patient's work behavior. Rather, our model identifies the high-risk patients with the most to gain from interventions designed to preserve employment status. Some patients come to regard themselves as "damaged" by CAD, even after corrective revascularization,42A3 and the factors we have included in our model may be identifying patients who are at high risk for this type of psychological response. A majority of our patients who stopped working reported their "cardiac disease" as the reason. It is possible that in many of these patients, the impairment is more cognitive than physiological.3,5 Interventions designed to improve patient self-efficacy and to provide constructive coping strategies for dealing with somatic symptoms might improve employment outcomes in such patients.44"45 In addition, exercise training as part of a multidimensional cardiac rehabilitation program can significantly increase functional capacity and may therefore positively affect employment rates. 44"46 Several limitations of our study should be noted. First, we chose to exclude patients who had not worked for pay in the 6-month period before their diagnostic catheterization study. Previous studies have shown that once patients leave the work force for this length of time, they infrequently go back to work regardless of their medical outcomes.7 Thus, we chose to focus on patients who were in the work force at the time of catheterization and therefore most likely to resume working. Second, we attempted to measure a broad spectrum of variables that have been suggested by others or were hypothesized by us to be likely predictors of follow-up work status. We obviously could not measure all conceivable predictors, however, and some of our measures were selected for their brevity so as to reduce overall respondent burden. It is possible, therefore, that our study may underestimate the importance of certain domains, particularly the psychological one. Third, our study focuses on the patient with symptomatic CAD referred for diagnostic cardiac catheterization, and it is uncertain whether this model would provide accurate predictions if applied at other times in the clinical course and in other types of CAD populations. Fourth, although we analyzed 1-year work status outcomes in this study, work behavior is actually fairly complex in that patients can alter their number of hours on the job and the intensity or quality of work they do and can go out on temporary sick leave and still be considered working in our analysis. Finally, variations in regional economic conditions might affect the generalizability of our findings, although consistency with previous work suggests that such effects are probably not large in normal economic circumstances.
In summary, we have shown that a combination of medical and nonmedical factors can be used to make accurate predictions about follow-up work outcomes in initially employed CAD patients referred for cardiac catheterization. Identification of subgroups of patients at increased risk for premature loss from the work force is the first step in any effective intervention or rehabilitation strategy. Finally, despite the fact that PTCA patients who do go back to work return substantially earlier than their CABG or medical counterparts, we did not find any evidence that coronary revascularization with either PTCA or CABG provided any significant long-term employment benefit over initial medical therapy. 
